Background: Calcaneal fracture account as the most common tarsal bones injury. Diagnosis of fracture is based on X-rays radiological studies, but CT-scan is the most reliable tool for diagnosis of calcaneus fracture. In this study, we conducted a systematic review, which will help readers to get a better view of usefulness of different imaging modality in diagnosis of calcaneal fracture.
Introduction
Calcaneal fractures account as the most common tarsal bones injury [1] . Therefore, definite diagnosis of calcaneal fracture is an important element for proper management. The main signs and symptoms of fractures are swelling and deformity. Diagnosis of fracture is based on X-rays radiological studies [2] . Two main landmark of lateral view X-ray are Böhler's and Gissane's angles and the axial view has advantage for evaluation of Varus deformity of the calcaneus and widening of the heel [2] .
Early diagnosis of fracture facilitates treatment of fracture and may reduce complications. In addition, knowing the best way of diagnosis may decrease economic burden and accelerate proper management of patients. Nowadays, CT-scan is the most reliable tool for diagnosis of calcaneus fracture [3] and CT-scan is more accurate for assessment of fracture. Detecting stress fractures of the calcaneus can be made by Technetium scans and MRI, but it is not appropriate to apply them in the acute setting [4] .
Because of limited studies evaluating diagnostic value of different modalities in calcaneal fracture, we conducted a systematic review, which will help readers to get a better view of usefulness of different imaging modality.
Methods

Search strategy
We conducted a systematic review based on PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) protocol [5] . To retrieve all relevant literatures, a sensitive search query consisted of terms related to calcaneus ("calcaneus" [Mesh] ) combined with specific terms for fracture ("Fractures, Bone"[Mesh]), Evaluation Studies as Topic" [Mesh] ) and diagnosis ("Diagnosis"[Mesh]) was used. PubMed /Medline, ISI web of knowledge, EMBASE and Cochrane library databases were searched from their beginning to June 2015 to find all citations (Updated in May 2016). Detailed search strategy results of each database are reported in supplementary appendix. There was no limitation in search of databases. In addition, a search of reference list of included studies, systematic reviews and meta-analysis was conducted in order to find missed citations.
Selection criteria
The literatures met inclusion criteria if: [1] evaluated calcaneal fracture; [2] had reported or calculable diagnostic accuracy statistics (sensitivity, specificity, positive likelihood ratio, negative likelihood ratio); [3] offered a diagnostic methodology to differentiate between fractured bone and non-fractured bone; [4] were excluded: [1] case-reports; [2] review studies; [3] non-research article (all type of letters, comments, and editorial); [4] cadaveric studies; [5] animal studies.
Selection procedure and data extraction
Two authors, applying the inclusion and exclusion criteria, screened all citations and abstracts and extracted all needed information from included literatures, independently. When conflicting results was seen between reviewers, a third author (senior researcher) discussed about disagreement. EndNote X7 software was used to manage review and organize screening.
The following information and data extracted: name of first author, date of publication, study objective (what authors aimed to conclude), study population, gender and mean age of population, criterion standard, imaging modality and diagnostic accuracy statistics. Finally, senior author rechecked all information of final stage table. For clarifications and more information (or unavailable full texts), we contacted with first and corresponding authors to provide additional data.
Literature quality assessment
In order to assess quality of included studies, QUADAS (Quality Assessment of Diagnostic Accuracy Studies) tool [6] was employed. QUADAS tool have 14 items with answers "yes", "no" and "unclear" and we scored one to answer "yes" and zero to answers "no" and "unclear". We considered studies with score < 5 as low quality score 5-9 as moderate quality and score ≥ 10 as high quality. The quality of studies assessed by two authors, applied the methodology of QUADAS tool.
Results
In the first electronic search of databases, 2,537 citations were identified, in which 809 citations were removed due to duplication. Title and abstract screening gave us 39 full-texts. Finally, after detailed fulltext assessment, and additional search of reference lists, 10 literature included in this systematic review [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] (Figure 1 ). Among included studies, six were conducted in Europe, three in United States of America (USA), one in Asia (china) and one in Australia. Six studies evaluated value (sensitivity and specificity) of different radiographical approach and four studies had a measuremental approach (assessment of angles, heights and lengths) for calcaneal fracture. Of these included studies, six had moderate quality and quality of four studies was low. We found no high-quality study evaluating diagnostic tools in calcaneal fracture. Detailed characteristics of studies are presented in Table 1 .
Conventional radiography (X-ray)
Six studies evaluated diagnostic accuracy of different views of conventional radiographs [7, [11] [12] [13] [14] 16] . Of these, four had moderate quality. Sensitivity of different conventional radiographs ranged from 0% for foot posteroanterior [13] to 100% for Foot reversed oblique and combined lateral and axial calcaneal X-ray [12, 13] . Specificity of conventional radiographs ranged from 72% for lateral calcaneal X-ray [12] to 100% for lateral foot or ankle radiograph [11, 16] . Just one study reported positive and negative predictive value [12] .
Computed tomography scan (CT-scan)
Only two studies assessed role of CT-scan in diagnosis of calcaneal fracture [14, 16] . Both studies had moderate quality, but just one of them reported sensitivity and specificity of different types of CT-scan [16] . Three-dimensional (3D) shaded radiographs had highest sensitivity (90.7%) and specificity (93.9%).
Angles
Four studies tried to show value of angle's measures in diagnosis of calcaneal fracture in which two of them had moderate quality. Three of these worked on Böhler angle [8] [9] [10] . Two studies just showed significant difference of Böhler angle between fractured and nonfractured calcaneus [8, 10] . One presented sensitivity and specificity of different amount of Böhler angle [9] . This study concluded Böhler angle of 20° or less is highly accurate in diagnosis of calcaneal fracture. Among other measurements, just tibiotalar angle and calcaneal length showed no significant difference between fractured and non-fractured calcaneus.
We identified no literature evaluating diagnostic accuracy of ultrasonography and magnetic resonance imaging (MRI).
Discussion
As a part of a systematic review, we aimed to address diagnostic accuracy and diagnostic value of different radiographs and tools through identification of relevant studies. Totally, 10 studies identified through search of four major databases and there were limit number of literatures evaluating diagnostic accuracy of different radiographs. In addition, we found no study with high-quality design and findings showed lack of high-quality study in assessment of diagnostic accuracy different tools in calcaneal fracture. These evidences are convincing enough that conclusions of this study are not completely reliable for clinical implication. Conventional radiography showed a wide range of Sensitivity and specificity in diagnosis of calcaneal fracture. Although, most of studies presented a high sensitivity and specificity, but two studies showed lack of diagnostic value for some views of conventional radiography [13, 14] . Also, results demonstrated that combined lateral and axial calcaneal X-ray have higher diagnostic accuracy compared to lateral calcaneal X-ray alone. Böhler angle and Gissane's angle are two important markers of lateral X-ray [17] . Axial view is useful for assessment of calcaneal varus deformity,heel widening, step-off in the posterior facet and its relation with the sustentaculum tali [17] .
CT-scan generally is considered as high sensitive and specific tools for diagnosis of fractures. In this systematic review CT-scan had used for confirmation of calcaneus fracture in most studies and only two studies evaluated importance of CT-scan in diagnosis of calcaneal fracture [14, 16] . Although, there is no strong evidences to prove importance of CT-scan, but these two studies had controversial results. Vannier et al. [16] revealed higher accuracy, sensitivity and specificity of plain radiography compared to different types of CT-scan. On contrast, Tanyu et al. [14] showed superior diagnostic value of CT-scan for calcaneal fracture.
Although, some studies assessed value of angles in diagnosis of calcaneal, but only one study presented angle cut of points for diagnosis of calcaneal fracture. Isaacs et al. [9] evaluated diagnostic value of different Böhler angles and revealed highest diagnostic value for Böhler angle of 20° or less.
The limitation of this review was that few of studies have been evaluated diagnostic value of different tools. As well as, variation in diagnostic tools and low quality studies affected the worth of results. Definitely, experiences of physician for assessment of radiograph as a confounder variable have an important role in results of studies and there was lack of information. However, CT is considered the gold standard, but in this systematic review, we showed lack of strong evidences to confirm advantages of CT-scan. Excellence of CT-scan may be upon unreliable evidences and use of plain radiograph can decrease economic burden. We concluded there are few literatures evaluating different tools in diagnosis of calcaneal fracture and results are not enough to prove advantage of one modality to others. So, one study with a large population sample is needed to compare diagnostic value of different modalities.
